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 Abstract 
Compatibility among suppliers is an effective approach to manage the dependencies between members of 
supply chain. These members often try to achieve their respective goal, disregarding the objective of the 
complete supply chain for a new product development and at last, the supply chain converges towards 
higher supply chain cost, greater leading times and a large variance between supply and demands. Kim 
and Wagner (2012) suggested compatibility among suppliers is necessary for new product development 
(NPD). On the basis of literature survey, compatibility among suppliers can be defined as the joint efforts 
of the suppliers towards mutually defined goals. Compatibility involves the interaction within as well as 
outside of the organizations/firms.Outside interaction of theorganization and supplier management is 
considered as a critical success factor for any organizations. In the modern global manufacturing 
environment, the most important factors for the compatibility between the suppliers are information 
sharing, reliance, and commitment. Therefore, the analysis of supplier-supplier relationship for their 
compatibility is a very challenging task for academician and practitioners.Another salient feature of this 
thesis isto identify the key factors for perfect compatibility between suppliers and their relationship for 
new product development. Although a large number of academician and practitioners try to achieve the 
compatibility among suppliers. However, little attention has been given to analyze a comprehensive way 
for measuring the compatibility among suppliers. Therefore in this thesis, an attempt has been made to 
identify various mechanism of compatibility among suppliers. Graph theory is utilized to identify the 
compatibility among suppliers. 
In most studies compatibility criteria are assumed to be independent of each other. However, these 
criteria are likely to affect each other. The main purpose of this paper is to show how the graph theory 
may served as a decision analysis tool for supplier selection–which is more suitable to be employed in 
this interdependent relationship framework. The proposed method can be used as a decision support 
system by project owners in order to identify an eligible supplier to be awarded the compatible supplier. 
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1. Introduction  
1.1  Suppliers involvement in new product development  
Many researchers and practitioners (e.g. Kim and Wagner 2012, Feng and Wang 2013, Bonaccorsi and 
Lipparini 1994) have identified the importance of early supplier involvement in new product development 
(NPD). In this respect Kim and Wagner (2012) address the importance of consideration of interrelationship 
between suppliers, namely supplier-supplier relationship during the selection process of a set of suppliers 
under the banner of product configuration. In the end of 1970s, the supplier involvement was limited, 
consideration by the manufacturer and acceptation of idea and plan (Bonaccorsi and Lipparini 1994).  
Feng and Wang (2013) suggest that the early involvement of suppliers substantially reduce the NPD cost 
and they also investigate the impacts of supply chain performance on NPD. Salvador and Villena (2013) 
empirically suggest that the early involvement of suppliers during the different stages of NPD also depend 
upon the buyer’s modular design competence. It means the early involvement of suppliers into NPD explores 
the improvements in new product design. Kurapov (2006) says that the supplier involvement in NPD not only 
provides a favorable condition for making the suppliers and the firm closer in terms of sharing knowledge and 
learning expertise but also reduces the technological risk by including technical expertise. For example, early 
involvement of suppliers in NPD is an effective mechanism to find a better solution since it generally increases 
the ability to produce innovative products; improves utilization of the new emerging technology; reduces time-
to-market; reduce uncertainty in decision making; consequently reduces the cost of NPD (Petersen et al. 2005). 
Bonaccorsi and Lipparini (1994) analyze the effect of supplier involvement of any firms in two different 
dimensions: (1) The timing of the supplier involvement, and (2) The degree of competitiveness among 
suppliers. Supplier involvement is also responsible for the development of a part, process, or services for 
benefiting of a current or future buyer’s product development Carr and Pearson (2002). In particular, it has 
been pointed out that careful consideration of supply chain management (SCM) issues during the new product 
and process design stage is very important for the success of NPD  (Frohlich and Westbrook 2001, Vanteddu et 
al. 2011).   
On the other hand some researchers have argued that suppliers involvement in NPD does not always 
promise better products and processes, but undesirably, it may sometimes lead to higher product development 
cost as well as longer product development time (Hartley et al. 1997, McCutcheon et al. 1997, Wynstra et al. 
2001). Therefore, it is necessary to investigate proper ways of supplier integration in NPD from various angles 
(Clark 1989, Gupta and Wilemon 1990, Fisher 1997, Ulrich and Pearson 1998, Ghodsypour and O’brien 2001, 
Koufteros and Marcoulides 2006, Chang and Lin 2012, Kim and Wagner 2012).  
In the end, we can say that suppliers have a direct and large impact on the quality of the product, time-to-
market and improvement in technology. Therefore, an effective involvement and integration of suppliers in 
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early stage of NPD is still a challenging task for any firms to remain stay in competitive environment 
(Handfield et al. 1999). Until the end of 1970s, the practice/custom of supplier involvement was very limited, 
it was only treated as a proposal or suggestions in the production phase.  
Wang and Zhao (2008) clearly explain the need of the support of suppliers in terms of information 
technology and human resource during the NPD. Most of the industries are not aware of the ongoing research 
and development (Baily et al. 2005). Baily et al. (2005) define research as a new knowledge and applying 
scientific or engineering knowledge for NPD. If product, process, and information systems decisions are 
specified and determined during the NPD stages then its supply chain can be modeled more effectively 
(Petersen et al. 2005). Petersen et al. (2003) conducted a case study which was based on 17 Japanese and some 
American manufacturing organization, and lastly on the basis of the result of the case study he determines the 
argument: “only supplier’s participation on team is a major factor for successful integration into NPD projects”. 
The technical and managerial skills of suppliers are responsible for reducing the cost and improving the quality 
of the product (Bonaccorsi and Lipparini 1994). In this way we can conclude that the early involvement of 
suppliers in the NPD is an important issue for improving the quality of the product. 
 
1.2 Supplier-supplier relationship and compatibility between suppliers 
Compatibility involves the interaction with organizations within and outside. Interaction with the outside 
organization and supplier management is now understood to be a critical success factor, which can have an 
effect on their relationship. In the modern global manufacturing environment, the most important factors for 
the compatibility between the suppliers are information sharing, trust, commitment, satisfaction, and etc. In 
this research, we will analyze the supplier-supplier relationship for their compatibility. The research will study 
the key factors for perfect compatibility between suppliers and discuss their relationship development. Kim et 
al. (2012) suggest a constraint based compatible component selection problem for tacking the issue uncertainty 
in design variables under the environment of compatible components. Kim and Wagner (2012) stated that the 
quantification of technical, economic, and culture compatibility do not gives always good solution.  
Compatibility is an important issue in many different areas such as product (Matutes, and Regibeau 1988, 
Hohenegger et al. 2007, Hohenegger et al. 2007), development of product design which requires number of 
possible designs and the number of process alternatives, technology alternatives, transportation alternatives, 
and etc. (Singhal and Singhal 2002, Singhal et al. 1988, Perrot 1993); similarly, it (compatibility among 
suppliers) also plays an important role between suppliers relationship. Compatibility is accountable for 
creating the optimal strategy in a market (Xie and Sirbu 1995). Compatibility facilitates simple and flexible 
way of working environment among suppliers for their long term relationship (Qureshi et al. 2008). Generally, 
during the each stage of NPD process, there are more than one alternative technology methods and these all 
design alternative methods may not be feasible because of incompatibility among operation alternative 
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(Singhal et al. 1988). In order to handle the compatibility index between two alternatives, Hohenegger et al. 
(2007) suggested a mathematical model which acts as a decision tool for real life industry. 
Wilson and Jantrania (1994) suggest compatibility is most important criteria for the survival of future 
relationship among suppliers because it (compatibility) motivates the suppliers to achieve their goal through 
their joint action. It covers the ability of a supplier to work successfully with other supplier. The optimal flow 
of supply chain mainly depends upon the effective and efficient level of compatibility among suppliers 
(Ellegaard 2007-08). 
Compatibility/incompatibility is a term which we are using in many different tangible and intangible 
resources. Such, as compatibility problem arises between goods that are substitutes (Perrot 1993). 
Compatibility shows the market response of the product in terms of their capability to adopt and facilitates 
other product with the first product (Ellram and Edis 1996). In terms of compatibility measurements Kim and 
Wagner (2012) suggested to measure the performance of factor only represented by the qualitative data as 
compare to the quantitative value. Kim and Wagner (2012) also concern how to deal with qualitative nature of 
relationship. The last stage of supply chain (end customers) mainly emphasizes the compatibility of the 
product during purchasing because they (end customers) want to purchase only that product which is 
compatible in terms of other products. Software firms/industry set up their market by considering the 
compatibility of their products. 
A compatible supplier selection problem under the domain of different design alternatives is a challenging 
task for practitioners and scholars (Qureshi et al. 2008). Generally, process consists of the several operations 
which have more than one alternative technology method and these design alternative method may not be 
feasible because of incompatibility among operation alternative (Singhal et al. 1988). Compatibility is also an 
important issue in many different areas such as material, transportation; similarly, it also plays an important 
role between suppliers relationship. Compatibility is accountable for creating the optimal strategy in a market 
(Xie and Sirbu 1995). 
Compatibility is the long term interaction between suppliers in the terms of ease and comfort of 
communication or other factors. Compatibility makes the easiness of the working culture and provides a 
platform for making long term relationships among suppliers (Qureshi et al. 2008). Compatibility involves the 
interaction with organizations within and outside. Interaction with the outside organization and supplier 
management is now understood to be a critical success factor, which can have an effect on their relation. In the 
modern global manufacturing environment, the most important factors for the compatibility between the 
suppliers are information sharing, reliance, and capability. 
In this research, we analyzed the supplier-supplier relationship for their compatibility. The thesis emphasizes 
the key factors for perfect compatibility between suppliers and discusses their relationship for NPD. 
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Kodak (industry based on digital printing solution) suggested following five operating values for successful 
buyer-supplier relationship (Ellram and Edis 1996): 
 To do respect for individual suppliers 
 To facilitate the integratity among suppliers 
 To enhance the trustworthy among suppliers 
 To improve the credibility among suppliers 
 To improve the personal situations of the suppliers 
Kim et al. (2012) consider a compatible component supplier selection by considering different alternatives of 
design variables. The major goal of supplier selection under the domain of compatibility is expressed by 
Famuyiwa et al. (2008) in terms of structural, managerial trust and commitment, communication and 
information sharing, coordination and cooperation capability, managerial, cultural alignment, alignment in 
conflict management techniques, financial, profit margin, return on assets, and bound rating. 
 
1.3 Motivation  
This section will draw attention to the motivation for supplier selection by considering compatibility as a major 
factor. In our everyday life, we are surrounded by compatibility in term of tangible and intangible things.  The 
following sections will discuss the supplier selection. 
Research gap 
Although many attempts have been made in the case of supplier selection, considering sustainable issue, 
environmental issue, and quality issue, but compatible supplier selection remains a challenging task. In 
addition, how to assign orders to the best suppliers in the supplier selection model for NPD is still a 
challenging task for scholars and practitioners.  
The main problem is related to the supplier-supplier relationship incompatibility for NPD process. There is a 
scarcity of research from the perspective of supplier selection which deals with the compatibility between 
suppliers relationship. 
As we know very well that supplier selection is a major problem before the starting of a project, but this 
thesis deals with the compatibility issues, and after that the supplier selection from the perspectives of 
relationship compatibility, and lastly how to keep maintain supplier-supplier relationship for future work. Such 
types of strategy facilitate the suppliers to give full concentration on project only and the end of project will be 
successful.  
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Some of the problems are as follows: 
 How to identify the factors and sub-factors which will act as criteria for selecting compatible suppliers? 
 How to define and measure the compatibility among suppliers? 
 It is hard to integrate supplier relationship into NPD and to develop compatible relationship among 
suppliers. 
 There is a lack of compatibility in between hardware and software concerning from the issues of NPD. 
 Transfer of technical design data/specification is difficult due to incompatible supplier system. 
 How to utilize information technology for minimizing compatibility related problem for supplier 
selection into NPD? 
 How to provide technical support with selected suppliers to maintain compatible relationship? 
The framework  
In general, during every steps of NPD, we need to select a compatible pair of suppliers from the pool of 
suppliers. Since, these types of problems are well known in literature survey, but this task (selection of 
suppliers) became more complex when these selections are judged on the basis of compatibility in between 
suppliers for any parts/product. Framework for qualitative supplier selection is shown in Figure 1.1. For the 
NPD, certain general considerations like quality, cost and delivery of the time enter into the fulfillment of total 
requirements, but the choice is made by the stepwise procedure in which different types of compatibility (e.g. 
technical compatibility, cultural, trust and information sharing) are examined within small groups of 
possibilities. This natural procedure may lead to considerable repetition and wastage of time and efforts. 
Therefore, it needs to develop a more systematic approach. 
In this framework we are trying to show continues flow of trust, commitment, communication, information 
sharing, and updating of new technology among suppliers is necessary in supplier relationship cycle for fulfill 
the needs of customers demand in terms of cost, quality, and delivery. Continuous contributions of the 
compatible suppliers in terms of product realization concept, and understanding of customer’s need is major 
factors for developing and introducing NPD (see Figure 1.1). Selection of compatible suppliers needs mutual 
understanding of the supplier for fulfilling the customer needs.  
 
6 
 
 
 
 
Figure 1.1: A framework for compatible supplier relationship development 
 
The specific frame work of this thesis is to make a list of factors which keep very important for compatible 
supplier relationship. The listed factors will make them (suppliers) comfortable for achieving their goal with 
kind of relationship. Another objective of this thesis is to investigate the geometrical features of compatibility 
in relation with suppliers which depends on before and after the project (new product) completion.  
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The ultimate goal of this research is to develop a decision support tool for supplier selection in compatible 
design environment. In particular, this research deals with the supplier selection processes by considering 
compatibility as a major challenging task concentrating on the following issues: 
 Why compatibility requirements are necessary between supplier relationships? 
 To identify the cases where incompatibility arises between supplier-supplier relationships. 
 What are the degrees of compatibility between suppliers? 
 To add supplier selection compatibility into supplier rating criteria. 
 Identify the most important factors and sub factors which create compatibility between supplier-supplier 
relationships during supplier selection for NPD. 
 
1.4 Objective 
In this thesis, we try to develop decision area which contains mutually exclusive choice of suppliers and 
guarantees that each choice with respect to different decision area fulfills the level of compatibility. In this way, 
the generated feasible overall solution will be one that chooses one option from each decision area following 
the overall level of compatibility. 
The rest of the thesis is organized as follows  
The thesis includes five chapters. Chapter 2 deals with the literature survey related to supplier selection criteria 
for NPD, supplier-supplier relationship, and factor explanation in respect to compatibility. Chapter 3 discusses 
the compatibility factors and sub factors and also illustrates the compatibility measurement between suppliers.  
Chapter 4 deals with configuration model of compatible supplier selection problem and its solution for supplier 
selection from the perspective of compatibility factors and sub factors. Chapter 4 demonstrates the robustness 
of the proposed model by presenting a case study.  Chapter 5 deals with conclusion of the present research 
work and it also provides an open platform of the discussion for future works related to supplier selection 
under the domain of compatibility measurement. 
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2. Literature survey 
2.1 Supplier selection in new product development 
Compatible supplier selection for NPD is a challenging issue. Kim and Wagner (2012) investigate the 
importance of interrelationship between supplier-supplier relationships to make appropriate selection of 
supplier from the pool of suppliers. Generally, in the domain of NPD, the information between the firms and 
developers is asymmetry. Therefore, selection of best developer for new product is a challenging task for 
scholars and practitioners (Perrone et al. 2010). 
Benyoucef et al. (2003) proposed that for selecting the best supplier, it is necessary to consider the trade-off 
in between tangible and intangible factors of suppliers. There are numbers of decision making process is 
suggested by different scholars for supplier selection (Weber et al. 1991). In this respect, the contribution of 
Weber and Current (1993) is the most important for supplier selection criteria perspective. They proposed two 
most important decisions for any firm; firstly the industry should select the suitable supplier and secondly the 
appropriate order quantity for each supplier should be fixed by industry. Supplier quality can be measured in 
terms of the ability to meet the requirement of customers (starting from raw material selection and up to the 
end customer) expectations within critical performance limit (Feigenbaum 1983). Sometimes, firms try to 
make traditional relationship with their supplier by making close personal or business relationship for 
sustaining their demand of NPD (Wilson and Jantrania 1994). Selections of correct suppliers also ensure the 
appropriate flow of supplier network during the NPD (Bonaccorsi and Lipparini 1994). Bonaccorsi and 
Lipparini (1994) proposed some critical factors for NPD such as supplier selection and its evaluation, financial 
commitment with suppliers, integration of information system with suppliers, cultural match with suppliers, 
sharing of risk with suppliers, and sharing of resources with suppliers. Kannan and Tan (2002) proposed 30 
different types of critical factors for supplier selection. These factors include cost, quality, delivery time, and 
etc. Benyoucef et al. (2003) identified two different aspect of the supplier selection problem; first, optimize the 
number of suppliers and second, select the best suppliers from the pool of suppliers. Qureshi et al. (2008) 
developed an integrated model for compatibility by keeping in mind the major critical factors of compatibility 
such as capability of information sharing, value of the assets, and long-term relationship among suppliers. 
Petersen et al. (2005) analyzed the successful supplier integration in NPD in three distinct ways; (1) The 
selection of a supplier with suitable capabilities so that they can fulfill the firm’s needs, (2) The technical 
elements associated with the project, and (3) The cost, tight time schedule, and other business factors which 
are necessary for successful integration of suppliers in NPD. 
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2.2 Supplier-supplier relationship  
The framework of compatibility among suppliers can be applied into supplier-supplier relationships (especially 
those where we believe that a strategic partnership may be reasonable) and mergers or acquisitions of 
companies. The success of any firms mainly depends upon the three key dimensions of compatibility: strategic, 
operational, and cultural (Wilson and Jantrania 1994). 
According to Monczka et al. (2008), offshore supplier, relationship size, countertrade requirements, 
competitors as suppliers, social/diversity objectives, and risk/reward issues are major factors for supplier 
selection. Literature survey reveals that suppliers are facing critical problems related to their incompatible 
relationship. But by and large, the incompatible relationship directly affects the product development process.  
The technology which is discovered and implemented in a foreign country may create incompatibility those 
manufacturing firms, where such types of technology are not implemented (Cortes 1982, Kim and Ro 1995, 
Nabseth and Ray 1974, and Rogers 2010). The formation of such types of incompatibility generally reduces 
the forecasted economic profit and also it creates negative impact towards adopting such types of technology. 
Bruner and Spekman (1998) emphasize the management, path dependence, cultural differences, and time zone 
differences are responsible for failure relationship between suppliers. Incompatibility is not only a technical 
one is also concerned with commercial management and managerial attitudes (James 1964). In general, 
incompatibility occurs among an alternative (Singhal et al. 1988). Cultural difference, time difference (clock 
time: there is almost 12 hour’s difference between India and US), and unsuitable managements are the 
responsible for making incompatibility between suppliers (Bruner and Spekman 1998). Technological 
incompatibility among suppliers for identifying feasible set of product design during the NPD is a challenging 
task (Singhal and Singhal 2002).  
 
2.3 Decision factors for compatible supplier selection 
2.3.1 Technology aspects   
Technical issues are the most important factor for strengthening the confidence of the suppliers with each other. 
In one hand, suppliers have no other choice without accepting the new technology to remain stay in the global 
competitive market and on the other hand new technology creates a high risk particularly where involvement 
of foreign parties are inevitable. Harris (1994) identified that lack of information technology resources, 
misunderstanding, unreasonable expectation for startup, inadequate training of employ, and ambiguity about 
third party creates incompatibility in between hardware and software. Differences between foreign and 
domestic technology creates technology incompatibility. Technology incompatibility creates a complex 
interaction between vertical linkage and technological adoption decisions like supplier selection (Carluccio and 
Fally 2013). 
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Some researchers and practitioners have been identified that there are some globally renounce international 
technology which has been developed by foreign company under a foreign environment may not be compatible 
with the manufacturing firms which want to adopt it (Cortes 1982, Kim and Ro 1995, Nabseth and Ray 1974, 
and Rogers 2010). This type of incompatibility problem often reduces a chance of getting more economic 
benefits through adopting such types of new developed technology and, lastly, (new technology) creates 
negative impact towards collaboration of technical enhancement. But, it does not mean that technical 
improvement either in terms of software, hardware, or new manufacturing technology is completely worthless. 
There are some other groups of researchers and practitioners, who argue that more adaptation of foreign 
technology which is compatible with existing technology or higher confidence of mastering in the new 
technology leads towards compatible successes for any firms (Brancheau and Wetherbe 1990, Cortes 1982, 
Dickerson and Gentry 1983, Gatignon and Robertson 1985, Leonard-Barton 1987, Nabseth and Ray 1974, 
Orlikowski and Robey 1991, and Ramiller 1994).  
Even sometimes the supplying firm who is transferring new technology imposes some restriction on the 
conditions through which the transferred technology is to be used (Cusumano and Elenkov 1994). Generally, 
these restrictions are clearly illustrated in the form of agreement of technology collaboration. These restrictions 
can be imposed on the production, sales, marketing, or in export matters.  
Supplier’s agile software development activities also increase the incompatibility between suppliers and 
buyers. The main reason of technological incompatibility is the continuous enhancement of software, hardware 
and creation or up gradation of new manufacturing technology.  Jamieson et al. (2006) argue that it is almost 
impossible to resolve all the uncertainty which is developed between buyer and seller of the software. The 
tendency of frequent changing technology is a major huddle for NPD (Mottaghian 2004). 
Qualification 
Qualification of suppliers is a major huddle for any manufacturing firms for managing their supplier 
relationship (Stump and Heide 1996).  Appropriate supplier configuration provides an opportunity for 
appropriate suppliers to self-select by browsing a willingness to undergo qualification.  The motivation to 
undergo qualification for any supplier is an important factor for the assessment of the supplier’s incentives to 
perform as an individual as well as a team. The qualification of supplier is the ability to demonstrate the 
supplier’s skills under the domain of product quality, delivery, manufacturing cost, and utilization of human 
resources (Zenz and Thompson 1994). 
Experience  
Experienced purchasing personnel usually have strong knowledge about potential suppliers. A buyer may have 
worked within an industry over many years and may be familiar with the suppliers, perhaps including 
international suppliers. Experience and knowledge become valuable because few purchasing organizations 
have developed an intelligence database about suppliers. 
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Multinational technology and industrialization 
In general, industrial technology incorporates the cutting edge technology which is necessary for operating 
newly developed machinery and equipment. Technology transfer from one place to another is another major 
huddle for NPD. The scope of the spreading of newly developed cutting edge technology mainly depends upon 
the available arrangement among suppliers (Marton 1986). The newely developed cutting edge technology 
incorporates the ability of the industrial development to do planning and implement those programme that 
achieve the necessary growth of technical skills in planning, production,and control (PPC).    
Employee training  
Proper training of the employees not only robust the project management process but also accelerate the ability 
to execute the newly developed cutting edge technology. Employees training include the training of hardware 
as well as software, and proper understanding of the utilization of computer-based-management (Barber 1984). 
In order to improve the compatibility index among suppliers training of new employee is a major huddle for 
managers in any industry (Barber 1984).  Since, training of new employee is a long term process (generally, it 
takes nine to twelve months) the training officers worked side by side with the program staff to create a 
training program.  
Advantages of technology   
 More flexible, effective and time saving  
 Innovating benefit  
 Environmental sustainability  
Difficult situation or critical time of technology  
 Difficult to handle and manage the emerging technology of foreign and domestic country  
 Expensive for startups  
 Compulsory to provide training to the employee 
 
2.3.2 Culture aspects  
Cultures that contribute to interpersonal values such as extensiveness, and effective communication will 
improve the possibilities of collaboration among suppliers, and facilitates the free flow of information sharing 
among suppliers (Whitener 1998). The longer and old culture has been in existence with its organic 
relationships, the more difficult it will be to graft on to that culture an entrant from a different one with 
different concepts (James 1964). Organizational culture clearly presents a challenge to creating strong, shared 
working cultures (Brannen and Salk 2000). On the basis of past and ongoing research, Ellegaard Winter (2007-
08) observed that compatibility plays a major role for evaluating supplier’s performance in terms of cultural 
attractiveness of customers. 
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Culture compatibility between suppliers is major hurdles for conducting business within inter or intra 
geographical zone (Sarkar et al. 2001). Culture is a multidimensional concept composed of several elements, 
including language, religion, values and attitudes, customers, social institution, and education (Monczka et al. 
2008). Monczka et al. (2008) also defined culture in terms of values and behavior can affect the supply 
management. Value of culture means the way of people thinking. Behavior of culture means the way of people 
acting, which is based on values and attitudes. For international business, understanding cultural differences 
will improve a supplier’s comfort and effectiveness.  Asia, Europe, and United states are specifically different 
in standard procedure for the negotiation and contracting. Thai and Indonesians will say “yes” in a polite way. 
It indicates a way that they are listening to you Kubin (1994).  “Yes” does not necessarily mean that they agree 
with what you are saying. Furthermore, they will often express their own position in the most unclear terms.  
According to Toporecer of Global Discovery, “It may different Chinese standards from American standards for 
the same material”. For example the nickel content in American 201 stainless steel is different from the nickel 
content in Chinese 201 stainless steel. Therefore, the best way to resolve the communication and 
standardization problem is to constantly monitor the local suppliers (Kubin 2009). 
Advantages of inter and intra culture  
 Development of innovative product  
 Facilitate effective, efficient and responsive supply chain (due to managing markets, technology, 
customer needs, and collection of different idea) 
Disadvantages of inter and intra culture  
 Difficult to incorporate different social and ethical responsibility  
 Difficult to make homogenous quality standard of the product  
 Need to spend extra time for learning other foreign languages 
Attitude profile  
Attitude can be defined as a positive or negative evaluation of people, objects, event, activities, idea, or just 
about anything in your environment (Krishna et al. 2004). For example, Germans and Japanese typically have 
very different attitudes toward “after-hour” working (Krishna et al. 2004).     
Capability assessment  
Compatible suppliers should have capability of power or ability to generate outcomes in terms of high quality 
of the product at the lowest cost. In general, the capabilities between suppliers are responsible for improving 
product development process. Kannan and Tan (2002) recommend that suppliers should be capable in terms of 
technical skill, industrial knowledge, scope of resources, and testing capability. Technological capability as 
well as management capability is an important factors for robustness of compatibility among suppliers 
(Monczka 2000, Corbett and Claridge 2002). Nanda (1993) suggested that the capability of suppliers can be 
access on the basis of their resources or asset.  
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Supplier team feasibility commitment  
According to Doney and Cannon (1997), commitment is a form of belief which facilitates trading partners to 
generate willingness for sustaining relationship and to achieve the goal of collaboration.  Some scholar Butler 
and Vodanovich, (1992) also belief that commitment is an exchange process between a supplier’s goal and the 
rewards offered by the buyers. Wilson (1995) concludes that commitment is the desire to continue the 
relationship and to work to ensure its continuance. 
“Commitment is an enduring desire to maintain a valued relationship.” 
- Moorman et al. (1993) 
Commitment is the most important characteristics for the success of partnership among suppliers (Salmond 
and Spekman 1986). Commitment is a relationship which is most frequently demonstrated by committing 
resources to the relationship and this relationship may occur in the form of an organization’s time, money, 
facilities, etc.  (Monczka et al. 1998). Indirectly, commitment is related to the willingness of trading partners 
(Porter et al. 1974). Willingness and commitment is possibility for long term relationship between suppliers 
(Spekman 2010).  
In general, literature survey reveals that there are three major types of commitment exist between buyers and 
supplier. 
 Instrumental commitment: 
 Normative commitment: 
 Affective commitment: 
The dimensions of commitment can be expressed as: 
 Instrumental commitment:  It is based on the costs of the collaboration (Gilliland and Bello 2002). 
 Normative commitment: It is based on the weight age of the suppliers in the collaboration (Brown et al. 
1995). 
 Affective commitment: It is based on the suppliers’ identifications and involvement with other 
suppliers (Brown et al. 1995, Porter et al. 1974, Allen and Meyer 1990). 
Commitment is strongly and inversely related to business (Atchison and Lefferts 1972). When the results are 
viewed longitudinally, the relationship between attitudes and turnover appears to grow generally stronger over 
time. Evidence that a general decline in the level of attitudes takes place prior to leaving the organization has 
been found elsewhere (Porter et al. 1976). Suppliers' commitments can be visualized as either supportive or 
restrictive (Au and Enderwick 2000). In general, there is positive correlation between extensive support of the 
supplier’s and the degree of perceived supplier's commitment (Au and Enderwick 2000). 
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Advantages of individual organization commitment  
 Improve the quality of performance  
 Be responsible towards goal 
 Annual attention, robust management  
Disadvantages of individual organization commitment  
 Defeat of control  
 Timeframe( Different organization)  
 All time responsibility   
 
2.3.3 Communication quality   
Mohr and Spekman (1994) defined communication is the ability to use the information exchange for making 
robust relationship among suppliers. Communication behavior can be measure in terms of information sharing 
between suppliers, participation in planning, and establishment of goals (Mohr and Spekman 1994). We know 
very well that communication plays a very important role between suppliers so that communication is the basic 
requirements for clearly and effectively flow of compatibility among suppliers. Monczka et al. (2008) 
observed that effective communication provides compatibility between suppliers. In other words, we can say 
that effective communication is the only way to express the requirements of compatibility between suppliers. 
In general, the objectives of firms and the objective of suppliers are different. Usually the objective of firm 
management is to increase overall firm effectiveness but the objective of managers in the supplier company is 
to improve supplier effectiveness (Monczka et al. 2008). Ellegaard Winter (2007-08) defined purchasing key 
performance indicators for accessing the objective of purchasers and sellers. 
From the view point of compatibility between suppliers, communication serves usually two main purposes. 
Firstly, the goal of the communication is to allow suppliers to ensure planning and timely co-ordination of the 
changes by providing adaptations facilities. Secondly, communication provides an enough platform to the 
suppliers for negotiation between their objectives at every stage.   
During the initial stage of NPD, frequent communication among suppliers incorporates the initial ideas of 
the suppliers (Hartley et al 1997). Mohr and Spekman (1994) observed that communication act as a major role 
for facilitating successful partnership among suppliers.  On the basis of a case study based on car industry, 
Calabrese (1997) also confirm that communication provides best practices between buyer and suppliers for 
new car model.  Efficient and effective communication reveals the level of compatibility among suppliers 
(Calabrese 1997).  
In NPD, communication is an effective tool for providing effective coordination among the supply chain 
partner (Calabrese 1997). Fisher (1997) estimated that poor coordination among the supply chain partner was 
wasting $30 billion annually for food industry in Europe. 
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Advantages of communication between suppliers  
 Exchange of knowledge and idea. 
 Development of long term relationship  
 Healthy environment  
Disadvantages of lack of communication between suppliers   
 Lack of opportunity inside the organization  
 Misunderstanding (eg. Language, attitude) 
 
Information sharing environment  
In the study of supplier integration, a variety of information-sharing mechanisms were employed to assess the 
alignment of technology roadmaps with potential suppliers. In most cases, no specific product or project was 
discussed at the initial meeting, only the potential for a meeting of the minds. The sharing of technology 
roadmap often strongly influenced the type of buyer-supplier relationship that results in the integration process. 
Information sharing is critical throughout both the strategic planning and execution processes (Monczka et al. 
2008). Information sharing in terms of quantity as well as quality is necessary for successful development of 
supplier alliances (Monczka 1998). 
Team participation allows supply management to access the timing of each phase during the NPD. Supply 
management can assess whether project timing is realistic and it applies to a new part’s sourcing requirements. 
If the timing is not realistic, supply management should have enough visibility to reevaluate the timing is not 
realistic, supply management should have enough visibility to reevaluate the timing requirement or come up 
with plans to meet the proposed time frame. In addition, an ongoing set of milestones should be established to 
ensure that communication with the supplier continues and occurs at regular intervals. This can prevent the 
occurrence of nasty surprise if the supplier falls behind schedule in completing the project. 
Information sharing is useful in following ways for providing compatibility among suppliers: 
 An intention to integrate a new material or component (e.g., a new form of molecule or chemical). 
 Development of a product to meet customer requirements that is currently unavailable in the market 
(e.g., new television screen technology). 
 Information sharing acts as a team. 
 Information sharing provides a facility to form a team that includes suppliers as participations report 
positive outcomes and great supplier contributions in terms of (1) providing cost reduction ideas; (2) 
providing quality improvement idea; (3) supporting actions to improve material delivery; and (4) 
offering process technology suggestions (Monczka et al. 2008). 
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Advantages of information sharing  
 Resource visibility and flexibility  
 Problem resolution  
 Relationship management  
Disadvantages of information sharing  
 High security problem  
 Defeat of core expertise and skills 
 Inadequate corporate saving  
 
Trustworthiness  
Pruitt (1981) defined that trust is correlated with the ability of the organization’s desire to cooperate with each 
other. Trust can be defined in terms of belief that directly related with the dependency to meet his/her 
obligation in one currency (Pruitt 1981). For equal exchange relationships, trust can manage greater amount of 
stress and it (trust) can be expressed in terms of adaptability (Williamson 1985). 
Zand (1972) suggested that the lack of trust will be harmful to exchange the information, to reciprocity of 
influence, and will reduce the effectiveness of the joint problem solving. In any organization, they may have 
low level of trust and high level of trust. In high level of trust, there is less informally generated uncertainty 
and problems are solved more effectively. In case of low level of trust, interpersonal relationships interfere 
with sensitivity of the problem. Comprehensive and realistic solutions to the energy and creativity are diverted 
from the search, and members to reduce their risk of the problem. 
According to Anderson and Narus (1990), once trust is established, organizations learn that joint efforts will 
lead to outcomes that exceed what the firm would achieve had it acted solely in its own best interests. Weber 
and Current (1993) suggested that vender selection process contains two basic concepts. The firm must decide 
which vendors it should contract and it must determine the appropriate order quantity for each vendor selected 
(Atchison and Lefferts 1972).  Trust is always been a part of business relationships. Trust builds a long term 
relationship between suppliers. 
According to Parsons (1977), the economic, moral, or power factors are not so much important as compare 
to trust, as trust is basic formation of unity in between suppliers. However, Famuyiwa et al. (2008) considered 
nine important factors which are going to affect the compatibility. The first factor is cultural aspect, second one 
is   the capability of information sharing, third is the capability of coordination among suppliers, fourth is 
trustworthy among suppliers, fifth is the setup of their (suppliers) strategic goals, sixth is uniform management 
skills, seventh is maximum earning of profit, eight is the assets of suppliers, and last one is the importance of 
bond which they are going to intact with each other’s. And, lastly Famuyiwa et al. (2008) divided the 
compatibility into three groups, namely structural, financial, and managerial compatibility.  
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Whitener et al. (1998) clearly describe five categories of behavior that influence employee’s perceptions of 
managerial trustworthiness are (1) behavior consistency; (2) behavior integrity; (3) sharing and delegation of 
control; sharing and delegation of control; (4) communication in terms of accuracy, explanation and openness 
of information flow; and (5) demonstration of concern. 
Deutsh (1960) defined that trust is used to represent the personality characteristic that build a person 
‘trusting’ and ‘trust worthy’. A trust choices may be based upon ‘despair’, ‘conformity’,  ‘impurity’, 
‘innocence’, ‘virtue’, ‘faith’, ‘masochism’, or ‘confidence’. We cannot ignore the contribution of trust for 
spreading business relationship. Trust is responsible for enhancing the level of compatibility among suppliers 
(Kannan and Tan 2002). 
High level of trust also reduces the utilization of paper work (records) (Jain et al. 2009, White 2002). 
Vonderembse and Tracey (1999) advocate that trust can be built with the help of supplier selection criteria and 
early involvement of supplier in NPD for getting competitive advantages. Bruce (1999) presents two different 
model of supplier relationship namely, Co-partnership and Ad hoc relationship. In one hand the co-partnership 
relation is based on the principle of trust and loyalty on the other hand the ad hoc relationships work on lack of 
trust and more reluctance towards sharing information (Tyndall et al. 1998). 
In other words, trust is correlated with fitting with user needs (Ruppel 2004). Parsons (1977) suggested that 
the economic, moral or power factors are not so much important as compare to trust, for making unity in 
between suppliers.     
Advantages of trustworthiness between suppliers for their compatible and long term relationship  
 Less documentation  
 Develop problem solving skills 
 Exchange of information  
Disadvantages of low level of trust between supplier relationships  
 Need to keep more documentation  
 Possibility to leak important information  
 
Art of language  
As we know very well that communication plays an important role between suppliers therefore, clear and 
effective communication is the basic requirements for spreading business. In order to maintain international 
business, language is the most important factors for achieving compatibility among suppliers (Samson 1991, 
Hill and Hill 2009). With the help of uniform language (single language or language convertor), marketing and 
financial executives can explain their works in straightforward and intelligent manners.  
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The communication style in terms of message speed and level of content differs from continent to continent, 
say for example: Americans tend to give fast messages with the conclusions expression at first. This style is 
not appropriate in many countries, particularly in Europe (Locke 1996). 
In other words, there are following practices/concerns which can eliminate the huddle of language: 
 Speak slowly, use more communication graphics, and eliminate jargon, slang, and sports and 
military metaphors from your language. 
 Conduct informal meeting, if necessary allow an extra day to educate interpreters on your issues and 
vocabulary. 
 Always prefer documentation in written form. Conclusion and decision in a meeting should be 
explicitly mentioned in the documentation.  
 
2.3.4 Management  
Managing an organization is not a very simple task. Management is the process of making sustainable 
activities of work inside the organization (within employee) and out outside the organization (customers). The 
supply chain management defines the domain of the each compatible supplier (Mabert and Venkataramanan 
1998). They also define the importance of supply chain management for getting a better appreciation of the  
performance of compatible supplier under the domain of associated managerial function. 
Supply chain management is the integration of key business from end user through original suppliers that 
provides products, services, and information that add value of customers and other stockholders (Lambert and 
Cooper 2000). In other words, the management of multiple relationships among compatible suppliers across 
the supply chain is known as supply chain management (Lambert and Cooper 2000). 
Operational management  
Operations management deals with the design and management of products, processes, services and supply 
chains. It considers the acquisition, development, and utilization of resources that firms need to deliver the 
goods and services their clients want. Nepal et al. (2012) suggested a framework for selecting compatible 
supplier under the banner of operational management system for NPD. The first stage of the framework gives 
us idea how to evaluate compatible supplier on the basis of different architechtural decision involved in the 
creation of a NPD. This idea help to identify the modular strategy that will best serve the firm’s overall 
strategy. The second stage of the framework clearly explain that the commercial success of a new product not 
only depends on the design and technical performance of the firm supply chain but also depend upon the 
performance of compatible supplier’s involvement.  In order to fully grasp the operational implication of 
alternative new product design, the selection of compatible supplier is inevitable. And the last stage of the 
framework helps decision maker to explore the advantages of the compatible supplier’s.  
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Logistics management 
In general, logistic management deals with the management of materials and information flows starting from 
suppliers and up to the end customers in supply chain for NPD.  In order to get the right materials to the right 
place at the right time, while optimizing a given performance measure and satisfying a given set of constraints, 
selection of compatible suppliers play a major role (Lambert and Cooper, 2000). 
Incompatible suppliers can create problem in the decision making problem under the domain of logistic 
management such as: location of collections and inspection center of the product and recovery facilities (Mitra 
and Datta, 2014). Environmentaliy friendly storage facilities, and alternative transport facility for achieving 
economic way of transportations needs compatible suppliers during the different stages of NPD (Mitra and 
Datta, 2014). 
In one hand inbound logistics mainly emphasize the movement and storage of required materials to fulfill 
the needs of production schedules and on other hand outbound logistics emphasize the movement and storage 
of finished goods through the distribution network to fulfill the needs of end customers (Mabert and 
Venkataramanan, 1998). Mabert and Venkataramanan (1998) explain that the explicit inclusion of the process 
development function that influences design issues in manufacturing, material handling, packaging, 
information technology, and transportation need to be consider during evaluating the performance of 
compatible supply configuration. 
Advantages of proper management between suppliers for their compatibility  
 Easy for decision makers to select suppliers from the available pool of alternatives 
 Smooth flow of material, money and information during supply chain of NPD 
 Easy to track the supply chain of NPD 
Disadvantages of proper management between suppliers for their compatibility  
 Extra money, manpower, and resources is necessary  
 Sometimes it is difficult to model and find the solutions of supply chain network problem 
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3. Compatibility measurement for supplier selection  
3.1 Background  
Suppliers are facing critical problems related to their incompatible relationship, Such as: technical 
incompatibility, quantity and quality of communication, commitment issues, desire to share information, trust, 
and cultural incompatibility. 
Compatibility view 
In general, compatibility describes how one supplier fills comfort with other suppliers. Compatibility covers 
the ability of a supplier to work successfully with other suppliers. The framework of compatibility (see 
Figure 3.1) among suppliers can be applied between supplier-supplier relationships (especially those where we 
believe a strategic partnership may be reasonable) and mergers or acquisitions of companies. 
 “To build close personal or business relationships, organization developed the traditional relationship. These 
understanding allowed organization to make specialized non retrievable investments that created structural 
bounds which served to hold the relationship together.” 
- Wilson and Jantrania (1994) 
The strategic compatibility 
The strategic dimension is directly related to the main business strategies of two suppliers. This is often the 
easiest way to evaluate and assess the suppliers because strategic compatibility creates clear communication 
among suppliers.  
Flexibility comes under the category of strategic compatibility and Choi and Hartley (1996) defined four 
different types of flexibility: (1) Product volume change, (2) Short set-up time, (3) Conflict resolution Porter et 
al.(1976), and (4) Service capability.         
The operational compatibility 
The operational compatibility directly linked with day-to-day integration of the two firms’ systems and 
procedures. While it is not an easy task, generally it can provide direct information about current status of 
operational alignments of the firm/industry so that suppliers can make necessary changes to achieve their 
(suppliers) integration. 
The cultural compatibility 
The third dimension is the one that often causes relationships to disintegrate: cultural compatibility. For 
example, Daimler / Chrysler, whose “un-merger” was at least partly due to a clash between the two companies’ 
business culture. We can find various suppliers – customer relationships which were touted, at their start, as a 
“great partnership” only to have a boisterous divorce some years later. 
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Ellram (1990) defined sub factors of cultural compatibility as follows:  
 Feeling of trust (FOT) 
 Management attitude/Outlook for the future (Waller et al.1996) 
 Top management compatibility (TMC) 
 Compatibility among levels and functions (CALF) 
 Supplier organizational structure and personnel (SOP) 
 
 
 
 
 
Figure 3.1: Compatibility goal for NPD (adopted from Famuyiwa et al. (2008)) 
 
 
Types of compatibility 
Information and computer technology compatibility 
Information and computer technology have emerged as a crucial tool in managing business-to-business 
relationships (Pereira 2009, Thomas and Griffin 1996). Inter-organizational system can encompass two or 
more autonomous organizations that share information and communication technology among suppliers and 
provides the facility of information technology (IT) that facilitate the establishment of  smooth flow of 
information among suppliers (Johnston and Vitale 1988). Some organizations highly rely on the IT for 
anticipating significant improvement of compatibility among suppliers (Weber and Kantamneni 2002). But, 
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sometime due to differ in cultures and technological systems prove an incompatibility among suppliers 
(Mottaghian 2004). 
Intra-organizational compatibility 
In general, some of the intra-organizational compatibility factors like resource availability, management 
support, and technological capability influence an organization's decision to implement and integrate 
information systems with supply chain partners (Lee and Lim 2005). 
Inter-organizational compatibility 
Inter-organizational compatibility is created due to past working culture of the partnering organizations 
(Karahanna and Angst 2006). Inter-organizational compatibility can be expressed in terms of joint working 
experience, values, principles, and business strategies between business partners (Kanter 1994). Inter-
organizational compatibility is made from the multi-dimensional aspect of suppliers like their (suppliers) 
technical, strategic, and cultural perspective. Technical, strategic, culture compatibility positively influences 
supply chain capabilities. Strategic compatibility results from compatibility in partnering organizations' goals 
and strategic orientation and facilitates the coordination of partnering activities (Farrelly and Quester 2005, 
Shamdasani and Sheth 1995).      
Qualification of supplier abilities 
Three most important qualities of suppliers include his assets, abilities, and qualification.  Qualification of a 
supplier’s abilities reduce the possibility that the manufacturer is locked into a commitment with a supplier 
who lacks key skill, but does not eliminate the ‘moral hazard’ problem (in which the supplier may not make 
sufficient effort to apply its skills) (Song and Di Benedetto 2008).   
There are some factors plays important roles for success of supplier compatible relationship. Factors and sub-
factors for supplier selection from the perspective of compatibility/incompatibility are illustrated in Table 3.1. 
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3.2 Compatibility factors and sub-factors          
Table 3.1: Supplier relationship compatibility/incompatibility factors and sub-factors 
Factors Sub factors  References  
F1: Technology aspects (C1) Experience (C11) Kanter (1994), Vonderembse, and 
Tracey (1999) 
 
Technical flexibility training (C12) Harris, (1994), Barber (1984). 
Technical sustainability (C13)  
F2: Cultural aspects (C2) Vision & attitude (C21) Krishna et al. (2004), Marton 
(1986) 
Customs(C22) Moncza et al.(2008) 
Social behavior (C25) Krishna et al (2004), Moncza et 
al.(2008) 
F3: Communication (C3) Information “knowledge sharing” (C31)                            Monczka (1998),  
Language  (C32) Hill and Hill (2009), Krishna et al. 
(2004) 
Trust (C33) Whitener et al. (1998), Famuyiwa et 
al. (2008) 
F4: Management (C4) Operation management (C41)    Nepal et al., (2012) 
Logistics (C42) Mitra, and Datta, (2014), Lambert 
and Cooper (2000) 
Time flexibility (C43)  
 
Table 3.1 consists of nine factors, namely F1: Technology aspects (C1), F2: Culture aspects (C2), F3: 
Communication (C3), F4: Management (C4), with 12 sub-factors. Table 3.2 demonstrates the classification of 
literature survey on the basis of above suggested 6 factors.  
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Table 3.2:  Classification of literature survey for supplier compatibility/incompatibility based on six factors 
 References  Factors and sub-factors 
  F1 F2 F3 F4 
1 Anderson and Narus (1990)   √  
2 Atchison and Lefferts (1972)   √  
3 Au and Enderwick (2000) √    
4 Beamon (1998)   √  
5 Bhote (1987)   √  
6 Bonaccorsi and Lipparini (1994)  √ √  
7 Bruner and Spekman (1998)  √ √  
8 Brannen and Salk (2000)  √   
9 Bruce (1999)   √  
10 Calabrese and Consiglio Nazionale 
delle Ricerche (1997)  
√  √  
11 Carluccio and Fally (2013) √    
12 Deutsch (1960)   √  
13 Ellram (1990)  √ √  
14 Ellram and Edis (1996)   √  
15 Famuyiwa et al. (2008) √ √ √  
16 Garbarino and Johnson (1999)   √  
17 Hahn et al. (1990) √  √  
18 Hartley et al. (1   997)   √  
19 Choi and Hartley (1996) √  √  
20 Harris (1994) √  √  
21 Heeks et al. (2001)  √ √  
22 Hill and Hill (2009)  √   
23 Hohenegger et al. (2007) √  √  
24 James (2007) √ √   
25 Johnston and Vitale (1998) √  √  
26 Kannan and Tan (2002) √ √ √  
27 Kedia and Bhagat (1988)  √   
28 Kerzne (2013)   √ √  
29 Kim and Ro (1995) √ 
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 References  Factors and Sub-factors 
  F1 F2 F3 F4 
30 Klein and Murphy (1973)   √  
31 Krause and Ellram (1997)   √  
32 Krishna et al. (2004) √ √   
33 Kumar et al. (1994)   √  
34 Lambert, and Cooper (2000)    √ 
35 Liker et al. (1996)   √  
36 Mabert, and Venkataramanan, 
(1998) 
   √ 
37 Marton (1986) √    
38 McAllister (1995) √  √  
39 Mitra, and Datta (2014)    √ 
40 Mohr and Nevin (1990)   √  
41 Mohr and Spekman (1994) √  √  
42 Monczka et al. (1998) √  √  
43 Monczka et al.( 2008) √ √ √  
44 Monczka (2000) √    
45 Monczka and Trent (1991) √  √  
46 Mottaghian (2004) √ √   
47 Nabseth and Ray (1974) √    
48 Naudé and Buttle (2000)   √  
49 Nepal et al. (2012) √ √ √ √ 
50 Nicholson and Sahay (2001) √ √ √  
51 Nishiguchi (1994) √  √  
52 Parker (1997)   √  
53 Pereira (2009) √  √  
54 Porter et al. (1974) √  √  
55 Qureshi et al. (2008) √  √  
56 Ragatz et al. (1997) √  √  
57 Rao (2004)  √ √  
58 Rogers (2010) √    
59 Ruppel (2004)   √  
60 Salmond and Spekman (1986)   √  
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 References  Factors and Sub-factors 
  F1 F2 F3 F4 
61 Samson (1991)  √   
62 Sarkar et al. (2001)  √ √  
63 Singhal and Singhal (2002) √    
64 Song and Di Benedetto (2008)     
65 Stump and Heide (1996)   √  
66 Turner (1993)     
67 Templin and Cole (1994)   √  
68 Thomas and Griffin (1996) √  √  
69 Tyndall et al. (1998)   √  
70 Vogel (2005)  √   
71 Vonderembse and Tracey (1999)   √  
72 Wang and Zhao (2008) √  √  
73 Winkler et al. (2008)  √   
74 Wilson (1995)   √  
75 Wu and Choi (2005)   √  
76 Yoshino and Rangan (1995) √  √  
77 Zand (1972)   √  
 
 
3.3 Compatibility measurement between suppliers  
In general, it is a notion of supply chain management that the degree to which each member (supplier) views 
the other (supplier) as essential to the success of the venture and recognizes that each supply chain partner 
(supplier) is dependent on the other (supplier). Criticality is based on the notion of high recognized 
interdependence in which one supply chain partner (supplier) will not act in his own best interest to the 
detriment of the supply chain. 
Table 3.3 summarizes the findings of what respondent’s value when they select a supply chain partner 
(supplier). The overall sample seeks supply chain partners (supplier) who are trustworthy, have integrity, and 
who know our business – characteristics that imply “fair dealing”. Certainly, both trust and commitment serve 
to offset the risks of opportunistic behavior in which one acts in one’s own best interest to the detriment of 
one’s supply chain partner (supplier). 
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Table 3.3: Best combination of compatibility measurement for factor and sub-factor  
Compatibility wt. Evaluation chart 
Factors Sub factors    Decision  Weight  
C1: Technical (0.3) Experience (0.2) No 0 
Technical flexibility training (0.7) Yes   1  
Technical sustainability (0.1) No  0  
C2: Culture (0.2) Vision & attitude (0.8) No  0 
Customs (0.1) No  0 
Social institution (0.1) Yes  1 
C3: Communication (0.2) Information “knowledge sharing” (0.1)                            No  0 
Language  (0.1) No  0 
Trust (0.8) yes  1 
C4: Management (0.3) Operational management (0.7)    Yes  1 
Logistics (0.2) No  0 
Time flexibility (0.1)  No  0 
 
Compatibility measurement between suppliers is a critical step of supplier selection procedure and it is a 
challenging task for practitioners and scholar.  Compatible supplier plays a very important role for success of 
new product.  In order to evaluate the compatible supplier, it is necessary to assign weight on factors and sub-
factors which play a major role during compatible supplier selection. Therefore, in this research work we 
assigned some weight on different compatibility’s factors and sub-factors (see Table 3.3).   
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Compatible supplier selection criteria  
 
 
 
 
 
Figure 3.2: Hierarchy for the compatible supplier selection problem 
 
 
Above Figure 3.2 shows four factors and twelve sub-factors for compatible supplier selection measure based 
on extensive review and practitioner interviews.  In the compatible supplier selection criteria usually quality, 
service and cost are the most common factors.  
Figure 3.2 shows an illustrative 4-level hierarchy for the compatible supplier selection problem. The goal of 
our problem in selecting the compatible supplier is identified in the first level. The second level 
(criteria/factors) contains: technology aspects (C1), cultural aspects (C2), Communication (C3), and 
Management (C4). The third level of the hierarchy consist 12 sub criteria/factors which were identified from 
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the literature survey. Technology management has three sub-factors namely, Experience (C11), Technical 
flexibility training (C12), and Technical sustainability (C13). Cultural aspects have three sub-factors vision & 
attitude (C21), customs (C22), social institutions (C23). Communication have three sub-factors namely, 
Information “knowledge sharing” (C31), Language (C32), and trust (C33). Management has three sub-factors 
namely operational management (C41), Logistics (C42), and Time flexibility (C43). The lowest level of the 
hierarchy contains of the alternatives, namely the different supplier to be evaluated in order to select the best 
compatible supplier. As shown in Figure 3.2, four suppliers were used to represent arbitrarily the ones that the 
firm wishes to evaluate.  
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4. Configuration of compatible suppliers  
4.1 Supplier configuration  
Selection criteria  
Figure 4.1 illustrates three possible decision models for supplier configuration containing m number of 
subsystems and n number of suppliers respectively. The first model i.e. supplier selection model from the 
single cluster of suppliers is illustrated in Figure 4.1 (a). 
In this model, the project team will evaluate and rank order the m×n suppliers as a whole regardless of 
subsystems. It will then select the best supplier corresponding to each subsystem, eventually resulting in m 
number of suppliers. The second model which is illustrated in Figure 4.1 (b), the project team will evaluate the 
suppliers for each subsystem independently. That is, there are m numbers of independent supplier selection 
problems in hand. In the third model (see Figure 4.1 (c)), in order to take into account interrelationships 
between suppliers and product configuration issues, the project team will evaluate n
m
 number of combinations 
of suppliers.  
The maximum compatibility index (C) for supplier selection can be linearly formulated as follows 
 
      
 
 
Where, 
cij: Compatibility score of i
th
 supplier alternative for j
th
 sub-functions 
m: Number of sub-functions 
n: Number of supplier alternatives 
wij: Weight assign of i
th
 supplier alternative for j
th
 sub-functions 
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Figure 4.1: Decision model of supplier configuration (adopted from Kim and Wagner (2012)) 
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We assume that maximum compatibility index means maximum level of compatibility among suppliers. Here, 
Cij should be assigned on the basis of case study (I will assign with the help of literature survey) and try to find 
out the optimal combination of weight for each sub-factors of compatibility (wij). 
In order to deal with the situation of choice from a variety of options (alternatives) particularly when those 
choices/options/alternatives are technically interdependent, the task of exploration of the field of possibilities is 
a complex one. Since problem of this kind are wide spread, an understanding of their mathematical nature 
might well lead to considerable benefit.  
In the development of a product certain general considerations enter into the fulfillment of total 
requirements, but the choice is made by a stepwise procedure in which technical compatibility are examined 
within small groups of possibilities. This natural procedure may lead to considerable backtracking and waste of 
effort. Hence, we wish to develop a more systematic approach. In what follows, the general considerations will 
be called ‘decision-areas’; within each of those decision-areas there are mutually exclusive ‘option s’ (Jessop 
et al. 1965). Options with respect to different decision-area may or may not be compatible. A feasible overall 
solution is one that chooses one option from each decision-area in such a way that overall compatibility obtains. 
Some mathematical description of those basic concepts follows. 
In this thesis an idea of a ‘strategy graph’ consisting of n points, cij, representing decision-areas, and line 
segments representing the technical interdependence of pairs of decision-areas is shown in Figure 4.2.  
 
 
Figure 4.2: Example of strategic graph of compatible supplier selection model 
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Each decision-area ci consists of a set of options nj. A binary matrix Aij is introduced to delineate the 
compatibility of each of the ni option in ci with each of the ni options in ci for all decision-areas ci, and cj which 
are adjacent in the strategy graph. An entry of Aij is 1 if the two options are compatible and 0 otherwise (see 
Figure 4.3). 
 
 
Figure 4.3: Two adjacent decision areas and their compatibility matrix 
 
 
 
A methodology for compatibility based supplier selection   
There are many situations where the complete definition of a NPD depends on a choice from a variety of 
options (alternatives). When those choices/options/alternatives are technically interdependent, the task of 
exploration of the field of possibilities is a complex one. Since problem of this kind are wide spread, an 
understanding of their mathematical nature might well lead to considerable benefit. This communication 
concerns only the mathematical problem and does not discuss practical implementation. 
In the development of a project certain general considerations enter into the fulfillment of total requirements, 
but the choice is made by a stepwise procedure in which technical compatibility are examined within small 
groups of possibilities. This natural procedure may lead to considerable backtracking and waste of effort. 
Hence, we wish to develop a more systematic approach. In what follows, the general considerations will be 
called ‘decision-areas’ within each of those decision-areas there are mutually exclusive ‘options’. Options with 
respect to different decision-area may or may not be compatible. A feasible overall solution is one that chooses 
one option from each decision-area in such a way that overall compatibility obtains. Some mathematical 
description of those basic concepts follows. 
We will introduce the idea of a ‘strategy graph’ consisting of N points, vi representing decision-areas, and 
line segments representing the technical interdependence of pairs of decision-areas, and line segments 
C
i
: decision area, which consists set of options n
i
. 
C
j
: adjacent in the strategy graph                                 
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representing the technical interdependence of pairs of decision-areas. Figure 4.4 demonstrates the strategy 
graph by incorporating six points (edges). 
 
 
 
Figure 4.4: Example of a strategy graph with six points (edges) 
 
Each decision-area vi consists of a set of options ni. A binary matrix Aij is introduced to delineate the 
compatibility of each of the ni option in vi with each of the ni options in vi for all decision-areas vi, and vj 
which are adjacent in the strategy graph. An entry of Aij is 1 if the two options are compatible and 0 otherwise. 
We will further define a ‘α-combination’ of options as a set of N options, one from each decision-area such 
that no two options are incompatible. The   following problems can be posed: 
 How many α-combination exist for a given strategy graph and given compatibility relationship? 
 What is the α-combination themselves? 
 Given that there is a numerical ‘cost’ associated with each option, what is the total cost of each of the 
α-combination? 
It can be shown that any strategy graph can be expressed in the form of a complete graph (in which every pair 
of points are adjacent) by the introduction of universal compatibility matrices between decision-areas not 
previously adjacent, of the form Uij with all entries having the value 1. This will leave every α-combination 
unchanged, and does not alter their number. 
Graph theory based on minimum clique problem  
Euler is the pioneer of Graph theory in 1736 when he considered the famous Konigsberg bridge problem. 
Graph theory is the study of graphs, which is a mathematical modeling of pairwise relations between objects. 
A "graph" is made up of "vertices" or "nodes" and lines called edges that connect them. 
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 The generic representation of the graph G = (V, E) where E ⊆ E(V) is called a graph (on V). The elements 
of V are called as the vertices of graph (G), and E is known as the edges of G. The vertex set of a graph G is 
denoted by VG and its edge set by EG. 
G = (VG, EG).   
In any graph, we can assign a weight to corresponding edges. In this research, weight assign on vertices. 
Graphs with weights are known as weighted graphs, and it (weighted graph) is used to represent structures in 
which pair wise connections have assigned some numerical values. 
The advanced theory of graphs is well documented in Rao’s book ‘‘Decision making in the manufacturing 
environment: using graph theory and fuzzy multiple attribute decision making methods”. In this book the 
author presented a graph theory based methodology for solving any complicated graph network. Graph/digraph 
model representations have already proven powerful techniques for modeling and analyzing various kinds of 
problems in various ﬁeld of applied science and technology. The matrix approach of graph theory is very 
useful for analyzing complex network. The graph theory and matrix methods consist of the digraph 
representation, the matrix representation and the permanent function representation. The digraph is the visual 
representation of the variables and their interdependencies. The matrix converts the digraph into mathematical 
form and the permanent function is a mathematical representation that helps to determine the numerical index. 
As shown in Figure 4.5. The step by step explanation of the methodology is as follows. 
Step 1: To identify compatibility selection attributes/factors. In this step, with the help of literature survey, all 
the factors and sub-factors which eﬀect the compatibility of the suppliers is investigated? This can be done by 
using relevant factors available in the literature. 
Step 2: To determine alternative suppliers. All potential suppliers for the project are identiﬁed. 
Step 3: Graph representation of the factors and their interdependencies. Supplier selection criterion is deﬁned 
as a factor that inﬂuences the selection of a supplier for a procurement system. The supplier selection criteria 
digraph models the contractor selection criteria and their interrelationship. This digraph consists of a set of 
nodes N = {ni}, with i = 1, 2..., M and a set of directed edges E = {eij}. A node ni represents i
th
 contractor 
selection criterion and edges represent the relative importance among the criteria. The number of nodes M 
considered is equal to the number of contractor selection criteria considered. If a node ‘i’ has relative 
importance over another node ‘j’ in the contractor selection, then a directed edge or arrow is drawn from node i 
to node j (i.e. eij). If ‘j’ has relative importance over ‘i’ directed edge or arrow is drawn from node j to node i(e). 
Step 4: Developing compatibility criteria matrix of the graph. Matrix representation of the compatibility 
criteria digraph gives one-to-one representation. A matrix called the compatibility matrix. This is an M* M 
matrix and considers all of the criteria (i.e. Ai) and their relative importance (i.e. aij). Where Ai is the value of 
the i
th
 factor represented by node ni and aij is the relative importance of the i
th
 criteria over the j
th
 represented by 
the edge eij. 
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Step 5: Obtaining compatibility criteria function for the matrix. The permanent of this matrix, is deﬁned as the 
compatibility criteria function. 
Step 6: Evaluation and ranking of the compatibility factors. 
 
 
Figure 4.5: Proposed graph theory based method for supplier selection under the domain of compatibility 
 
4.2 The selection procedure of compatible suppliers  
Pre-qualification  
Selecting suppliers from the pool of suppliers, compatible supplier selection is a rigorous step process design 
to identify the best suppliers who have high degree of peer recognition and professional achievement. First, we 
create a pool of suppliers and apply pre-qualification process.  Pre-qualification process (assort of screening) is 
essential to filter out a set of unsuitable supplier from the original set of potential suppliers (Kim and Wagner 
2012). 
Compatibility graph for the most compatible suppliers  
Processors for the best combination of supplier selection the construction of the compatibility graph (CG, for 
short) is based on the assumed value of the compatibility pairs (Aij, Ai’j’), where i, i’ is shown in Figure 4.6. 
In this figure node represents design principle, the shaded area which forms cluster represents the design 
principles of a sub-function and lastly compatibility value (CV) is expressed in the form of weight of arc which 
links each nodes. The overall compatibility score of a combination is calculated on the basis of the sum of 
compatibility factors between each pair of design principles in their respective combinations.  Finally, the 
selection of the most compatible supplier is done on the basis of the maximum overall compatibility score. In 
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other words, searching the most compatible combination of design principles is simply to select exactly one 
node for each cluster such that the sum of weights of arcs of the induced sub-graph is maximized. In order to 
find appropriate sub-graph, variant of the algorithm of graph theory plays a major role. The problem 
formulation of finding most compatible supplier selection can be mapped with graph theory as well as 
traveling salesman problem (TSP). For traveling salesman problem, nodes are partitioned into clusters and the 
salesman has to visit at least one node for cluster has to visit (Fischetti et al.). 
Example 1: There are three sets of compatible supplier selection criteria problem 
In this example we have considered three sets of compatible supplier selection criteria and each set contains 
two sub-sets.  The first set known as technical compatibility which has two sub-sets namely Experience (A1,1), 
and Technical flexibility training (A1,2). The second set known as cultural compatibility which has two sub-
sets namely vision and attitude (A2,1), and customs (A2,2). The third sets known as attitude compatibility 
which has two sub-sets namely perceived Information “knowledge sharing” (A3,1), and adoptive Language 
(A3,2). Figure 4.6 shows the compatibility graph for three sets of compatible supplier criteria problem. The 
values in Table 4.1 show that A1,1× A2,1× A3,2, i.e. the combination of  A1,1: Experience, A2,1: vision and 
attitude, and A3,2: Language is the best compatible combination, while A1,1×A2,1×A3,1, i.e. the combination 
of A1,1: Experience, A2,1: vision and attitude, and A3,1: perceived Information “knowledge sharing” is the 
worst compatible combination. 
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Figure 4.6: The compatibility graph of our three sets of compatible supplier criteria problem 
 
Table 4.1 the sums compatibility values of all possible combinations for three sets of compatible supplier 
criteria problem 
 
 W1×W2 W1×W3 W2×W3 F1×F2 F1×F3 F2×F3 Sum Rank 
A1,1×A2,1×A3,1 0.12 0.24 0.32 0.22 0.34 0.48 0.2616 2 
A1,1×A2,1×A3,2 0.12 0.6 0.8 0.22 0.42 0.36 0.5664 8 
A1,1×A2,2×A3,1 0.18 0.24 0.8 0.46 0.34 0.37 0.4604 6 
A1,1×A2,2×A3,2 0.18 0.6 0.12 0.46 0.42 0.32 0.3732 4 
A1,2×A2,1×A3,1 0.28 0.56 0.32 0.13 0.38 0.48 0.4028 5 
A1,2×A2,2×A3,1 0.42 0.56 0.42 0.28 0.38 0.37 0.4858 7 
A1,2×A2,1×A31 0.28 0.14 0.8 0.13 0.34 0.28 0.308 3 
A1,2×A2,2×A3,2 0.42 0.14 0.12 0.28 0.41 0.32 0.2134 1 
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Example 2: There are four sets of compatible supplier selection criteria problem 
In this example we have considered four sets of compatible supplier selection criteria and each set contains two 
sub-sets.  The first set known as technical compatibility which has two sub-sets namely Experience (A1,1), and 
Technical flexibility and training  (A1,2). The second set known as cultural compatibility which has two sub-
sets namely vision and attitude (A2,1), and customs (A2,2). The third sets known as attitude compatibility 
which has two sub-sets namely perceived Information “knowledge sharing” (A3,1), and adoptive Language 
(A3,2). The last sets i.e. fourth sets known as trust compatibility which has two sub-sets namely Operational 
management (A4,1), and Logistics (A4,2). Figure 4.7 shows the compatibility graph for four sets of compatible 
supplier criteria problem. The values in Table 4.2 show that A1,2×A2,1×A3,2×A4,2, i.e. the combination of  
A1,2: Technical flexibility training, A2,1: vision and attitude, A3,2: Language, and A4,2: Logistics is the best 
compatible combination, while A1,1×A2,1×A3,2×A4,2, i.e. the combination of A1,1: Experience, A2,1: vision 
and attitude, A3,2: Language, and A4,2: Logistics  is the worst compatible combination. 
                
 
Figure 4.7: The compatibility graph of our four sets of compatible supplier criteria problem 
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Even though at his step we have obtained compatible combination(s) of design principles, we cannot satisfy all 
global design constraints because the above group of procedure is a heuristic filtering method itself. In other 
words, it forms a preprocessing step to help finding the best design concept in the subsequent design phase. In 
this regard, in the worst case, iterations are unavoidable.  
 
Table 4.2: The sums compatibility values of all possible combinations for four sets of compatible supplier 
criteria problem 
 W1×W2 W1xW3 W1×W4 W2×W3 W2×W4 W3×W4 F1×F2 F1×F3 F1×F4 F2×F3 F2×F4 F3×F4 Sum Rank 
A1,1×A2,1×A3,1×A4,1 0.12 0.6 0.2 0.18 0.6 0.3 0.32 0.34 0.18 0.34 0.28 0.39 0.6246 4 
A1,1×A2,1×A3,1×A4,2 0.12 0.6 0.18 0.18 0.54 0.27 0.32 0.34 0.32 0.34 0.29 0.25 0.5853 1 
A1,1×A2,1×A3,2×A4,1 0.12 0.14 0.2 0.42 0.6 0.7 0.32 0.42 0.18 0.36 0.28 0.36 0.7044 6 
A1,1×A2,1×A3,2×A4,2 0.12 0.14 0.18 0.42 0.54 0.63 0.32 0.42 0.32 0.36 0.29 0.22 0.6012 2 
A1,1×A2,2×A3,1×A4,1 0.8 0.6 0.2 0.12 0.4 0.3 0.46 0.34 0.18 0.42 0.26 0.39 0.8794 8 
A1,1×A2,2×A3,1×A4,2 0.8 0.6 0.18 0.12 0.36 0.27 0.46 0.34 0.32 0.42 0.44 0.25 0.9059 10 
A1,1×A2,2×A3,2×A4,1 0.8 0.14 0.2 0.28 0.4 0.7 0.46 0.42 0.18 0.49 0.26 0.36 0.956 12 
A1,1×A2,2×A3,2×A4,2 0.8 0.14 0.18 0.28 0.36 0.63 0.46 0.42 0.32 0.49 0.44 0.22 0.9186 11 
A1,2×A2,1×A3,1×A4,1 0.48 0.24 0.8 0.18 0.6 0.3 0.13 0.38 0.19 0.34 0.28 0.39 0.6518 5 
A1,2×A2,1×A3,1×A4,2 0.48 0.24 0.72 0.18 0.54 0.27 0.27 0.38 0.45 0.34 0.29 0.25 0.8301 9 
A1,2×A2,1×A3,2×A4,1 0.48 0.56 0.8 0.42 0.6 0.7 0.7 0.41 0.19 0.36 0.28 0.36 1.2888 15 
A1,2×A2,1×A3,2×A4,2 0.48 0.56 0.72 0.42 0.54 0.63 0.63 0.41 0.45 0.36 0.29 0.22 1.3024 16 
A1,2×A2,2×A3,1×A4,1 0.32 0.24 0.8 0.12 0.4 0.3 0.3 0.38 0.19 0.42 0.26 0.39 0.6106 3 
A1,2×A2,2×A3,1×A4,2 0.32 0.24 0.72 0.12 0.36 0.27 0.27 0.38 0.45 0.42 0.44 0.25 0.7779 7 
A1,2×A2,2×A3,2×A4,1 0.32 0.56 0.8 0.28 0.4 0.7 0.7 0.41 0.19 0.44 0.26 0.36 1.0848 13 
A1,2×A2,2×A3,2×A4,2 0.32 0.56 0.72 0.28 0.36 0.63 0.63 0.41 0.45 0.44 0.44 0.22 1.1754 14 
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5.  Conclusion and future work 
In this study there are total 12 compatible factors and including sub-factors identified, based on literature 
review, which makes the supplier relationship compatible for log time. In this study, we analyze the supplier-
supplier relationship under the domain of compatibility index. The thesis will study the key factors for perfect 
compatibility between suppliers and discuss their relationship for NPD. In other words, the salient feature of 
this thesis is to identify the key factors for perfect compatibility between suppliers and their relationship for 
NPD. A structural literature survey based on compatibility criteria for supplier selection has been carried out. 
In this research, an attempt has been made to identify various mechanism of compatibility among suppliers. At 
last, graph theory based supplier selection model has been proposed for identify the compatibility among 
suppliers.         
Although various procedures for a supplier selection have been useful in practice, like AHP, linear 
programming, neuro-fuzzy etc. this paper has presented the graph theory based minimum clique problem 
solution methodology as a decision analysis tool for supplier selection under the prospective of compatibility 
among suppliers. The main contributions of this paper are as follows: First, the graph theory method approach 
has been proposed in supplier selection context with the goal of extending the current literature in this ﬁeld. 
Second, this paper presents robust literature survey from the perspective of compatibility for supplier selection.  
Third, a lot of factors such as technology, culture, trust, commitment, attitude etc. have been identified with 
sub-factors for supplier selection under the domain of compatibility.  Fourth, this paper presents an application 
of the proposed method to a real supplier selection system. Fifth, the usage of a graph theory based 
methodology for supplier selection from the perspective of supplier compatibility helps in better assessment 
for the compatibility factors and sub-factors with their relative importance. Sixth, the proposed graph theory 
based methodology is a general method and can incorporate any number of quantitative and qualitative 
supplier selection factors simultaneously. The proposed method is suitable for the evaluation of suppliers with 
their conflicting goals. Seventh, the thesis discuss about supplier configuration graph by incorporating different 
factors and their sub-factors respectively. 
In order to measure the compatibility between two supplier selection problems, we defined the compatibility 
index by incorporating the interval arithmetic with the preferences of decision maker to. The background of the 
proposed solution methodology relies on the fact that as one set of compatibility factors restricts less (by a set 
of global supplier selection constraints) a preferred region within the domain of a local supplier selection 
output of another set of compatibility factors and vice-versa. In nutshell, these compatibility indexes of all pair 
wise supplier selection in a combination is calculated from the overall compatibility score for the combination, 
and finally found the most compatible combination(s). 
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The presented qualitative models are essential for making decision for today’s business environment. A 
comparison of the above discussed results with those predicted from simple mathematical models yields good 
agreement with theory. 
Despite the rationality behind the presented model, there are still some limitations of the proposed decision 
model. One of its limitations is that the model presented here does not consider all the possible factors and sub-
factors associated with compatibility among suppliers. Therefore, the present form of the model needs to be 
incorporated for future work. Although we try to show the robustness of the proposed model by considering 
hypothetical case study but still more research is in need to show the superiority of the proposed model over 
the other methods. The future scope of this work will be the study of the relationship between the ranking 
methods used in supplier ranking or selection and the suppliers’ future performance. Now it is also a big issue 
that after success of new product suppliers want to take all credit to them shelf’s. 
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